Abstract: Dental pulp plays an important role in tooth vitality. The pulp of deciduous tooth thus shows vigorous metabolism and repeated, vigorous cell regeneration and proliferation. Furthermore, natural, programmed cell death (apoptosis) frequently occurs as part of this cell regeneration and proliferation process. Apoptosis is defined as cell death governed by intracellular signals (active death of the cell triggered by changes in physiological or external conditions), and the birth of new cells occurs simultaneously with cell death. Apoptosis thus functions as a driving force for morphological and other changes in organisms, and is essential for phenomena such as ontogenetic processes or aging. However, In order to clarify the mechanism of apoptosis in the deciduous tooth pulp cells, we used SuperArray analysis and immunostaining to examine both deciduous and permanent tooth pulp cells. Of the 84 major genes involved in apoptosis, seven showed greater expression in the deciduous tooth pulp cells than in the permanent tooth pulp cells. Gene expression of TP53BP2, CRADD, BAK1, BIRC3, CASP8, CASP2 and TP73 in the deciduous tooth pulp were 16.1, 9.0, 8.5, 8.1, 5.9, 5.8 and 3.2 times greater than those in the permanent tooth pulp cells, respectively.
Introduction
Deciduous tooth formation begins in the eighth fetal week, and the crowns are fully formed within one year post partum. After a period of dental attrition, root resorption occurs from four to eight years of age, and the deciduous tooth are lost by around 12 years. Because this is a short-term, dynamic process of development, the pulp of deciduous tooth has a greater number of undifferentiated cells than that of permanent tooth, and is thus more primitive and has different characteristics [1] [2] [3] [4] . The pulp of deciduous tooth is also known to have higher cell iferation capacity and vital activity than that of permanent tooth. The pulp of deciduous tooth has advanced reparative function; for example, caries that would result in dental pulp exposure in permanent tooth leads to the formation of secondary dentin in deciduous tooth. In this situation, undifferentiated mesenchymal cells in the perivascular region are believed to differentiate into odontoblasts, fibroblasts, histiocytes, and other cells in response to various stimuli 5) . In addition, from the point of view of gene expression, vascular endothelial growth factor and growth factors have been reported to exhibit greater preferential expression in deciduous than permanent tooth 6) , reported difference between deciduous and permanent tooth pulp cells is that deciduous tooth pulp cells induce ossification when transplanted subcutaneously into immunodeficient mice, whereas permanent tooth pulp cells induce dentin-or pulp-type structures 7, 8) . The pulp of deciduous tooth thus shows vigorous metabolism and repeated, vigorous cell regeneration and proliferation. Furthermore, natural, programmed cell death (apoptosis) frequently occurs as part of this cell regeneration and proliferation process. Apoptosis is defined as cell death governed by intracellular signals (active death of the cell triggered by changes in physiological or external conditions), and the renewal of cells occurs simultaneously with cell death. Apoptosis thus functions as a driving force for morphological and other changes in organisms, and is essential for phenomena such as ontogenetic processes or aging. Advanced apoptosis mechanisms are thus highly likely to be present in the pulp of deciduous tooth, but it appears that no studies have been reported in relation to apoptosis in deciduous tooth pulp. In order to clarify the mechanism of apoptosis in deciduous tooth pulp cells, we used SuperArray analysis and immunostaining to examine both deciduous and permanent tooth pulp cells.
Table1. The genes that work mainly in normal biological processes requiring cell elimination, such as differentiation and homeostasis, were examined using a profiler PCR array system (SuperArray Bioscience Corporation, Frederick, MD). 84 genes involved in apoptosis were extracted. Gene expression in each sample was measured by the ΔΔCT method using a TaqMan® Gene Expression Assay on the StepOne Plus system (Applied Biosystems), with GAPDH as an endogenous control. Technologies Japan Ltd, Tokyo, Japan) supplemented with 10% fetal bovine serum (FBS; Gibco), 4 mM L-glutamine, 100 U/mL penicillin and 100 mg/ml streptomycin. Outgrowth fibroblasts cells were separated from tissue fragments using 0.25% trypsin-EDTA, followed by passage culture. Cells for experimental use were cultured for three to five passages in DMEM with 10% FBS. The experiments were approved by the Ethical Committee of Osaka Dental University (No.091129).
MTS assay
In order to investigate cell proliferation capacity, the DTPC and the PTPC were sown in 96-well plates at 5×10 4 cells/well and cultured at 37°C in a humidified 5% CO 2 atmosphere for 24 h, 72
reagent (200 µL/well) was added and after 2 h, optical density at 490 nm was measured using a microplate reader to determine cell proliferation capacity.
Real-time PCR superarray analysis
The DTPC and the PTPC were sown in 6-cm dishes at 5×10 4 cells/well and cultured at 37°C in a humidified 5% CO 2 atmosphere for 72 h. Total RNA was then isolated using a MagExtractor (Toyobo Co., Ltd., Osaka, Japan), and following purification, it was converted to cDNA using High Capacity RNA-to-cDNA Master Mix (Applied Biosystems, Foster City, CA, USA). The genes that work mainly in normal biological processes requiring cell elimination, such as differentiation and homeostasis, were examined using a profiler PCR array system (SuperArray Bioscience Corporation, Frederick, MD). Eighty-four genes involved in apoptosis were extracted (Table 1) . Gene expression in each sample was measured by the △△ CT method using a TaqMan® Gene Expression Assay on the StepOne Plus system (Applied Biosystems), with GAPDH as an endogenous control.
Immunostaining
In order to investigate expression of the four genes obtained by real-time PCR SuperArray analysis, the DTPC and the PTPC were sown in chamber slides at 5×10 5 cells/well and cultured at 37°C in a humidified 5% CO 2 atmosphere for 72 h. After removing DMEM, samples were washed in PBS (-), 4% paraformaldehyde in PBS (-) was added (2 mL/well), and were left at room temperature for 20-30 min. They were then washed in PBS (-), 0.1% Triton X-100 in PBS (-) was added (2 mL/well), and samples
were then left at room temperature for 30 min, followed by washing with PBS (-).
A solution of 1% BSA and 0.1% Tween 20 in PBS (-) was added (2 mL/well), and samples were left at room temperature for 
Results

MTS assay
The proliferation in the DTPC showed notable increases from 72 h until 1 week after cultivation, and these increases were significantly greater than those in the PTPC (Fig.1) .
Real-time PCR superarray analysis
Of the 84 major genes involved in apoptosis (Table 1) , seven showed greater expression in deciduous tooth pulp cells than in permanent tooth pulp cells (Table 2 ). Gene expression of the tumor protein p53 binding protein2 (TP53BP2), the death domaincontaining protein (CRADD), the BCL2-homologous antagonist/ killer 1 (BAK1), the baculoviral IAP repeat-containing protein 3 (BIRC3), the caspase 8 (CASP8), the caspase 2 (CASP2), and the tumor protein 73 (TP73) were 16 . In order to investigate expression of the four genes obtained by the real-time PCR SuperArray analysis, the DTPC and the PTPC were sown in chamber slides at 5×10 5 cells/well and cultured at 37 C in a humidified 5% CO 2 atmosphere for 72 h. The antibody uses TP53BP2, BAK1, CASP8, and CASP2. The cytoplasm is dyed to green, and the nucleus has been dyed to blue. CASP8 and CASP2 was carried out. Of the seven genes for which SuperArray results were obtained, TP53BP2, BAK1, CASP8 and CASP2 showed the same differences in gene staining as observed
Immunostaining
Immunostaining was carried out by focusing on TP53BP2, BAK1, CASP8 and CASP2. The DTPC showed greater protein expression than the PTPC in TP53BP2, which belongs to the apoptosis-stimulating protein of p53 (ASPP) family of p53 binding proteins that stimulate apoptosis; BAK1, which belongs to the BCL2 family; CASP8, which activates the caspase group to which CASP2 belongs; and CASP2, which is involved in the fragmentation and activation of molecules that induce apoptosis.
These were the only genes for which real-time PCR SuperArray analysis results were obtained (Fig 2) .
Discussion
The capacity for proliferation of the cells used in the present study was compared by MTS assay in order to examine whether the results obtained would be the same as those previously reported. Higher cellular proliferation capacity was observed in cells originating from deciduous tooth pulp than in cells originating from permanent tooth pulp, which was consistent with prior reports [9] [10] [11] .
In particular, in the present study, both deciduous tooth and permanent tooth pulp cells increased from the start of culture until 72 h with no great difference between the two. However, from 72 h until 1 week; deciduous tooth pulp cells showed significantly greater increases than cells from permanent tooth pulp. Because the mechanism of apoptosis is the same in all animal cells [12] [13] [14] .The 84 genes believed to be involved in apoptosis in deciduous and permanent tooth pulp (Shown in Table 1 ) were searched using a SuperArray. Deciduous tooth pulp cells showed gene expression of TP53BP roughly 16 times greater, expression of CRADD roughly 9 times greater, expression of BAK1 roughly 9 times greater, expression of BIRC3 roughly 8 times greater, expression of CASP8 roughly 6 times greater, expression of CASP2 roughly 6 times greater, and expression of TP73 roughly 3 times greater than per anent tooth pulp cells.
The main factor acting as a signal to trigger apoptosis is believed to be stress due to withdrawal of growth factor or neurotrophic factor, active enzymes, DNA damage, cytokine or drugs. Directly below the receptors for these apoptosis signals are phosphate Table2. Of the 84 major genes involved in apoptosis, seven showed greater expression in the DTPC and the PTPC. suppresses cyclins D and E, thus arresting the cell cycle at G1 and suppressing cell proliferation until the DNA is repaired. The second action is to induce apoptosis, which is mediated by the p53-inducible gene 3 (PIG3) or by Bax, a pro-apoptotic Bcl-2 protein containing BH1, BH2 and BH3 domains. TP53 is thus believed to make the signal branch into the first action, arresting the cell cycle at G1, and the second action, apoptosis. TP73 is believed to suppress cell proliferation and induce apoptosis in the same way as TP53. TP53BP2 belongs to the ASPP (apoptosis stimulating protein of TP53) family of TP53 binding proteins.
TP53BP2 includes an SH3 domain, which is involved in interaction between proteins. It is localized around the nucleus in the cytoplasm and is believed to regulate apoptosis and cell proliferation through interaction with other control molecules, including TP53 family members [16] [17] [18] [19] [20] [21] [22] [23] [24] . BAK1 belongs to the BCL2 family, which brings about apoptosis by forming oligomers or heterodimers to start voltagedependent anion channels in the mitochondrial membrane. BAK1 is also reported to increase activation of the tumor suppressor P53 by causing cell stress 25) . Caspases are proteases that generally .
Thus, it appears that TP53BP2 and BAK1 are activated via the receptors present on the cell membrane that receive all the different cell death signals, and TP53BP2 activation is increased. In the present study, simultaneous expression was observed in CASP8, which is an apoptosis-inducing factor, and CASP2, which is activated by CASP8. With regard to apoptosis in deciduous tooth, the present study indicates that apoptosis can be induced either via a mechanism involving TP53BP2 and BAK1 or via a mechanism involving CASP8 and CASP2, which is activated by CASP8. The present study also suggests that deciduous tooth pulp cells are characterized by readier induction of apoptosis than permanent tooth, as CASP8, the first stage of apoptosis, and CASP2, the second stage which is activated by CASP8, are expressed simultaneously; thus, deciduous tooth pulp apoptosis is rapidly triggered by the presence of the appropriate factor.
